Abstract The ventilation-perfusion (V/Q) lung scan has traveled a long, circuitous path since its introduction for the diagnosis of pulmonary embolism (PE) in the 1960s. Its initial credibility was damaged following the publication of the PI-OPED study in 1990 and the emergence of computed tomographic pulmonary angiography (CTPA) in the mid-1990s. A considerable number of advances in both methodology and image interpretation have helped to restore the credibility of V/Q. There has also been considerable concern over the large radiation burden associated with CTPA. The issue of overdiagnosis and overtreatment of small PEs has also received a lot of attention. Although CTPA diagnoses more of these smaller PEs than V/Q, follow-up ''outcomes'' data show that they do not require treatment. The false-negative rates for both procedures are approximately 1 % and not significantly different from one another. Finally, a change from traditional probability interpretations to a simpler and similarly accurate trinary system has made V/Q scintigraphy interpretations easier to understand for the referring clinician.
Introduction
The ventilation-perfusion radionuclide lung study (V/Q) for pulmonary embolism (PE) has had a controversial history since its introduction almost five decades ago. Disagreements over and changes to the interpretive criteria have been among the main reasons for this controversy. Computed tomographic pulmonary angiography (CTPA), introduced in the mid-1990's, was embraced by diagnostic radiologists, and then by clinicians, as a superior diagnostic tool for diagnosing PE [1] . In general, diagnostic radiologists are more comfortable with an anatomic imaging study, like CT, than with a functional imaging study, such as V/Q imaging. The shortcomings of the Prospective Investigation of Pulmonary Embolism Diagnosis (PI-OPED), published in JAMA in 1990 [2] , fueled the controversy over V/Q imaging and, in many people's minds, made CTPA a welcome option.
Recent concerns about both overdiagnosis and overtreatment of small PEs as well as the extremely high radiation burden associated with CTPA, together with major advances in the methodology and interpretation of V/Q scintigraphy have re-awakened interest in this nuclear medicine study. We now have data to prove that V/Q scintigraphy is equal to CTPA in diagnosing clinically significant PE and carries considerably less radiation risk for the patient.
The Biello classification-1979 [3]
In 1979, Dr. Dan Biello and his colleagues at Washington University in St. Louis provided us with a very useful interpretive scheme based on probability assessment. Two or more large V/Q mismatches ([75 % of the anatomic bronchopulmonary segment) were classed as high probability ([85 % likelihood of PE), while two or more small mismatches (\25 % of the anatomic segment) were classed as low probability (\10 % likelihood of PE). Single, moderate-sized mismatches (25-75 % of segment) were defined intermediate. This classification and correlation were based on a retrospective review of V/Q exams and conventional catheter pulmonary angiography in 146 patients.
Patients unable to undergo a ventilation study have instead been investigated through comparison of perfusiononly scans and chest X-rays, correlating the size of Q defects with radiographic infiltrates. This perfusion-only methodology was validated and endorsed in the Prospective Investigative Study of Acute Pulmonary Embolism (PISA-PED) study [4] .
It is interesting that both co-guest editors of this pulmonary issue of clinical and translational imaging were participants in PISA-PED publications.
It should be noted, as well, that another interpretive scheme using probability estimates was proposed by Dr. Barbara McNeil [5] , but it did not achieve the popularity of the Biello classification.
The PIOPED study [2] In the mid-1980s, a group of six institutions performed this prospective study comparing V/Q and pulmonary angiography in 755 patients. The specificity of both high probability (97 %) and normal/near normal studies was good, but low probability and intermediate interpretations showed considerable inter-observer variability: 70 and 75 %, respectively. Most importantly, there was an unacceptable rate (44 %) of intermediate interpretations.
Problems with PIOPED
The PIOPED study had several shortcomings:
1. 68 % of the studied population were in-patients. This was one of the main reasons for the high (44 %) number of intermediate interpretations. These patients are more likely to have significant underlying cardiopulmonary problems and abnormal chest X-rays creating ''triple matches'' and thus resulting in useless, intermediate interpretations.
In the later PIOPED II study evaluating CTPA, only 11 % of the studied subjects were in-patients [6] . 2. The low probability interpretation corresponded to a 20 % likelihood of PE rather than the 10 % threshold applied by Biello et al. This is not acceptable to clinicians having to decide whether to institute anticoagulant therapy. The latter is associated with an 8 % complication rate. Thus, Biello's 10 % low probability interpretation is acceptable for assessing benefit-to-risk ratio whereas 20 % is not. Subsequently, the revised PIOPED criteria included a ''very low probability'' category associated with a \10 % likelihood of PE [7, 8] The good things about PIOPED
Since the study was performed in the mid to late 1980s, it was one of the first investigations to have a computer database. This allowed several retrospective analyses of the data which greatly refined our interpretive skills [9] . The great importance of correlating the scintigraphic results with clinical data such as pre-test probability (Wells score) and the presence or absence of underlying cardiopulmonary disease became evident [10, 11] . For example, an 87 % positive predictive value (PPV) of a V/Q interpretation of high probability was found to rise to 96 % when a high pre-test probability was also taken into account. Similarly, the 14 % PPV of a low probability interpretation fell to 4 % in patients with a low pre-test probability.
The modified PIOPED (1993)
Gottschalk et al. [8] undertook a retrospective study to try and correct some of the deficiencies apparent in the 1990 PIOPED study. The salient changes were:
1. Re-categorization of SSM, back into Biello's intermediate probability category. 2. Creation of a ''very low'' probability category which was associated with a \10 % likelihood of PE. The different findings placed in the very low category included such things as non-segmental perfusion abnormalities, stripe sign [12] , triple matched defects in the upper and mid-lung fields [13] , and several other findings summarized in a review article by Freeman et al. [9] .
The rise of CTPA and the PIOPED II study
The popularity of CTPA grew in the mid to late 1990s. This was attributable, in part, to the post-PIOPED decline of interest in V/Q imaging. Additionally, it is a given fact that the great majority of diagnostic radiologists are more comfortable interpreting anatomic images of the pulmonary vasculature rather than functional V/Q images. This preference extends to clinicians whose consultant radiologists recommend CTPA over V/Q [14] . Articles appearing in emergency medicine literature describe this preferred algorithm of using CTPA as the primary imaging tool because of its greater accuracy [15] .
To better establish the role of CTPA in diagnosing PE, a group of eight centers formed a PIOPED II investigative team whose findings were published in 2006 [6] . A total of 824 patients were entered in this team's study in which the composite reference standard for the diagnosis of PE included: V/Q scintigraphy, lower extremity Doppler sonography for deep venous thrombosis (DVT), Wells score and pulmonary digital subtraction angiography when available. Interestingly, V/Q scintigraphy represented a significant component of what constituted the ''truth'' in PE diagnosis.
Of the 824 patients, 87 (10.6 %) were excluded from the analysis because of inconclusive results. CT venography of the lower extremities was also a part of this study. The reported sensitivity and specificity for PE diagnosis was 83 and 96 %, respectively. However, if the inconclusive cases were included, these values dropped to 78 % sensitivity and 90 % specificity.
The great power of correlating the results with pre-test probability was again demonstrated. The PPV for PE was 86 %, but when correlated with a low Wells Score, it plunged to 58 %. Interestingly, this turned out to be similar to what was seen in PIOPED I where the combination of a high probability V/Q and a low Wells score was associated with a PPV of 56 % [2] . In its very final sentence, the PIOPED II report states that ''additional testing is necessary when clinical probability is inconsistent with the imaging results''.
Enhanced interpretation of V/Q scintigraphy [9] Pre-existence of cardiopulmonary disease As mentioned previously, the presence of significant underlying cardiopulmonary disease makes interpretation more difficult. Currently, we require a chest radiograph prior to commencing a V/Q study. The great majority of these are negative. If significant abnormalities exist, a CTPA is recommended. Of course, renal insufficiency and contrast media allergies are contraindications to CTPA and in such circumstances V/Q may be necessary.
Correlation with objective clinical assessment (Wells score)
As also indicated previously, PIOPED proved this to be a powerful tool. Of interest, in this regard, is the current status of the SSM. The revised PIOPED had, as mentioned, put this feature back into Biello's intermediate probability classification. Stein et al. [10] looked at the SSM in a retrospective review of PIOPED I. They showed that a SSM in a patient with no significant cardiopulmonary disease, i.e., negative chest X-ray, had a PPV of 86 %, making it high probability. Furthermore, when it was associated with a high pre-test probability, the PPV rose to 100 %. Currently, we classify a well-defined SSM in association with a negative chest X-ray as positive for PE.
Ancillary scintigraphic findings
A large number of ancillary findings have greatly strengthened our interpretive skills. These are described in detail in a review by Freeman et al. [9] . A brief description of several of the most useful signs is given here:
This was first described by Sostman et al. in the early 1980s [12] . Subsequently, it was retrospectively reviewed and validated as it applied to the PIOPED I study [16] . It consists of a consistently visualized stripe of normally perfused lung interposed between a perfusion defect and adjacent pleural surfaces. When present in the PIOPED study, it was associated with a very strong negative predictive value (NPV) of 93 %.
Fissure sign
This consists of a linear band of decreased perfusion corresponding to either the major or minor lung fissures. Although originally described as a possible PE, experience has shown that it is much more likely to be associated with pleural effusions or chronic parenchymal disease [17] .
Pleural effusions
PEs are most often associated with small rather than large effusions. Effusions occupying 1/3 or more of the hemi-thorax with associated matched defects and no other areas of mismatch are not likely to represent PE [18] .
Triple matched defects
Both Biello and the PIOPED I investigators categorized all V/Q matches associated with infiltrates or effusions (triple matches) as intermediate. Worsley et al. [13] , in their retrospective review, showed that triple matches in the upper and mid-lung fields were associated with PE in 11 % and 12 % of cases, respectively. They could therefore be classified as low probability. Triple matches in the lower lung fields remained classifiable as intermediate probability since they were associated with a 33 % incidence of PE.
''Reverse mismatch'' defects
This term refers to studies where the ventilation defect is bigger than the perfusion defect. This finding is also a good negative predictor of PE [19] . 6. Comparison of perfusion-only study and radiographic density This approach is adopted by proponents of the PISAPED classification and is also applicable to situations in which a patient cannot perform a ventilation study. Defects larger than infiltrates are very suspicious for PE whereas defects smaller than infiltrates are low probability and those equal in size are intermediate. This was recognized by Biello in his original probability assessment-based interpretive scheme [3] . PISA-PED proponents, in particular, rely on the wedge shape of a perfusion defect [4] .
Other signs such as the segmental contour pattern [20] , pulmonary infarct sign [21] , cephalization of flow, together with other normal variants, are described in the review article by Freeman et al. [9] .
Radiologists and clinicians are more comfortable with CTPA As indicated previously, the great majority of diagnostic radiologists are more comfortable with CTPA because it defines morphology rather than requiring them to assess the functional aspects highlighted by a V/Q study.
Unfortunately, most major US institutions do not adequately train their residents in V/Q interpretation. This philosophy was passed on to a second generation of radiologists, i.e., those who trained in the 1990s and are now teaching the current generation of residents. In addition, they justify their preferential use of CTPA because of its ability to detect other anatomic abnormalities, e.g., dissecting aneurysms, pneumonias, etc., that may present with similar symptomatology to PE. This justification has recently been seriously questioned [22] .
Most significantly and unfortunately, clinicians in the US have been forced into practicing defensive medicine. The problem of escalating lawsuits is an ever-increasing concern among clinicians, particularly in the Emergency Department setting. The ready availability of CTPA has been detrimental to complete clinical evaluation. In most medical centers in the US, minimal symptomatology such as any dyspnea or apparently non-cardiac chest pain, mandates an immediate referral for CTPA, which is available around the clock. Conventional logic would indicate that a low pre-test likelihood of PE (low Wells or Geneva score) associated with a negative D-dimer assay should rule out any likelihood of PE and allow patient discharge. Interesting proof of this observation was provided in a recent article from the University of Arizona where a clinical low-risk assessment was associated with a 0.9 % positivity on CTPA [23] . When coupled with a negative D-dimer, this fell to zero. A good reflection of these times is that D-dimer assays were performed in only 5 % of the patients investigated in this study [23] . In addition to D-dimer levels, Doppler ultrasound leg studies should be utilized.
Radiation exposure
With the advent of multi-detector scanners, CTPA has become the de facto gold standard for imaging PE [24] . Several articles have appeared cautioning physicians about the high patient radiation exposure from CTPA [25] [26] [27] . In addition, recent articles in lay publications have cautioned the public. One, written by two California physicians and proclaiming ''We are giving ourselves cancer'', appeared in the New York Times [28] . The whole-body effective radiation dose from CTPA is approximately five times greater than that from V/Q imaging. Most significantly, the dose to the female breast is 20-40 times greater [29] . Parker and colleagues [30] demonstrated that 60 % of patients evaluated with CTPA are women, of whom 26.7 % are under the age of 40. Breast tissue is certainly more glandular and radiosensitive in young women. This large breast radiation dose, which amounts to [20 rad, greatly exceeds the guideline of several radiologic organizations, including the American College of Radiology.
Dose rates for CTPA are typically in the same range as conventional chest CT, i.e., 2-4 rad (20-40 mGy) [30] . This compares with an effective radiation dose equivalent of 0.06-0.25 rad (0.6-2.5 mGy) for a two-view chest radiograph and an average glandular breast dose of 0.3 rad (300 m rad or 3 mGy) for a standard two-view screening mammogram [31] . Few physicians are aware that conventional diagnostic chest CT imparts a radiation dose of 2-5 rad (20-50 mGy) to the breasts of an average-sized woman. This dose is roughly equivalent to 10-25 two-view mammograms (a lifetime of mammograms) and up to as many as 100-400 chest radiographs [31, 32] . The extremely high radiation exposure associated with chest CT angiography has also been associated with increased lifetime risk of breast cancer [26] .
The pregnant patient with suspected PE Articles in the obstetric literature have favored the use of CTPA over V/Q because of a reported lower radiation dose to the fetus. This argument is based on the fact that the abdomen can be lead-shielded during the CTPA exam. Ridiculously, though, it totally ignores the enormous radiation to the mother's breast. In fact, the pregnant woman's breasts are even more vascular and glandular than those of a non-gravid woman. Pahade et al. [29] estimated the radiation exposure to the gravid breast to vary between 1,000 and 2,000 mrad as compared to 22-28 mrad from a V/Q scan. The fetal radiation dose was estimated to be slightly higher with V/Q (10-80 mrad) than with CTPA (1-66 mrad) .
For the past 25-30 years, we, at New York's Montefiore Medical Center, have used low-dose (1 mCi) perfusiononly studies with great success. A recent unpublished review of 324 patients revealed negative findings in 87.3 %, positive findings in 2.6 % and intermediate findings in 10 %.
The intermediate results on these perfusion-only exams were most often seen in asthmatic patients where subsequent V/Q studies after bronchodilator therapy revealed normal results. A recent joint recommendation of the American Society of Thoracic Radiology and the American Thoracic Society recommends that Doppler ultrasound of the legs should be the initial exam in pregnant women suspected of having PE [33] . If the result is positive, anticoagulant therapy should be started; if it is negative, a chest radiograph should be performed. If the chest radiograph is negative, a V/Q scintigraphy should be performed, but if the chest radiograph is positive, CTPA should be performed. This algorithm has also been endorsed by the American College of Obstetrics and Gynecology.
The successful use of perfusion-only scintigraphy combined with a chest radiograph was described in the well-known PISA-PED study [4] . The authors performed a comparative trial of the modified PIOPED II and the PISA-PED criteria. The sensitivity and specificity were statistically comparable (84.9 and 92.7 %, respectively, for modified PIOPED II and 80.5 and 96.6 %, respectively, for PISAPED). Of interest was the fact that the modified PI-OPED II interpretations showed significantly more nondiagnostic readings (20.6 %) than did the PISAPED interpretations (0 %). Comparing the modified PIOPED perfusion, PISA-PED perfusion and CTPA, the PPVs were 72.4, 84.7 and 85.7 %, respectively, and the NPVs were 96.5, 95.5 and 94.8 %, respectively. These data support the position of the PISA-PED authors, namely that in the appropriate hands and with appropriate training, perfusiononly scans interpreted in association with a chest radiograph may suffice. Some, including these authors, argue that the addition of the ventilation study allows physicians to be more comfortable in interpreting these studies.
The Montefiore/Einstein approach to studying patients with suspected PE In December 2006 and January 2007, three educational seminars were held between our Emergency Department attending, resident staff, the Director of Nuclear Medicine, the Chief of Radiology and the Section Chief of Cardiothoracic Radiology [34] . Information from the literature concerning radiation exposure and the relative accuracy of V/Q scanning and CTPA was discussed at these sessions.
The Emergency Department clinicians were given the following recommendations: a stable patient with a clinical suspicion of PE should initially be imaged with chest radiography. The rare unstable patient should have immediate CTPA regardless of chest X-ray findings. If the chest radiographic findings in stable patients are normal and further imaging for suspected PE is deemed appropriate on the basis of clinical assessment, a V/Q scan should be requested. If, on the other hand, the chest radiograph shows a significant pleural or parenchymal abnormality, the recommendation is to perform CTPA. If either examination proves equivocal or the imaging results are discordant with the clinical impression (objective clinical assessment), the Emergency Department staff should request the alternative test in addition. This algorithm was provided to the Emergency Department staff as a handout. All agreed that reducing patient radiation exposure would improve the care of appropriate stable patients despite the inconvenience of a slight delay in patient disposition. The algorithm was reinforced by a telephone call consultation and reminder from a radiologist or nuclear medicine physician every time CTPA was requested in an Emergency Department patient with a normal chest radiograph. If the differential diagnosis included aortic dissection, a CT was performed. In accordance with our usual clinical care, V/Q scanning was performed in patients with contraindications to CTPA (contrast media allergy or renal insufficiency) regardless of the findings on chest radiography. The algorithm was well accepted, but if it was not used for an individual patient, a dialog with the Emergency Department was initiated by the imaging services to discuss the specific details. In each case, the final decision on the appropriate imaging technique for an individual patient was left to the clinician caring for the patient in the Emergency Department. All V/Q studies were performed as an eight-view planar exam. SPECT V/Q, which is used in many institutions particularly outside of the US, was not part of the algorithm and has not been used. The efficacy of SPECT V/Q will be discussed later in this review. The above-described algorithm has been utilized for the past 7 years up to the time of this writing. The practice patterns of our physicians changed in response to this educational intervention, resulting in a reduction in radiation exposure to Emergency Department patients with suspected PE without compromising patient safety. Using this protocol, we have now performed more than 10,000 V/Q studies with continued success. The FN rates for both V/Q and CT are comparable at approximately 1 % (Table 1) . This is quite similar to what emerged from Anderson et al's Multi-institutional Prospective Study in Canada [35] .
The issue of overdiagnosis and overtreatment: the significance of small PE In a classic 2005 editorial in Radiology, Dr Larry Goodman elegantly discussed the significance of small PE [36] . He pointed out that there is good evidence that we all likely pass small PEs on a daily basis. These are lysed by fibrinolytic activity in the pulmonary arterial vasculature, which thereby protects the systemic circulation. He concludes that there are three indications for anticoagulating patients with small, peripheral PE. These are:
1. Co-existent DVT. 2. Significant underlying cardiopulmonary disease. 3. Chronic PE because of a concern regarding the development of pulmonary hypertension.
Filling defects in sub-segmental arteries as small as 2-3 mm in diameter can be detected in 15 % of high-resolution CTPA [37] . However, direct comparison of CTPA to V/Q studies reveals that only 1 % of V/Q scans interpreted as ''high probability'' correspond to an isolated subsegmental PE [38] compared with 15 % of positive CTPA studies [37] .
Incidental detection of small PE in studies performed for other indications occurred in 16 % of mechanically ventilated patients [39] , in 17 % of patients over the age of 80 [40] , and in 20 % of trauma patients [41] . In addition, 50-60 % of patients in a consecutive autopsy series were found to have an unsuspected PE when the pulmonary arteries were carefully dissected [42] .
It is quite clear that CTPA detects more PE than V/Q scintigraphy does. In Anderson's prospective study, the positivity of PE was 17.2 % for CTPA and 11.2 % for V/Q [35] . Despite this, the FN rate based on three-month follow-up was 0.4 % for CTPA and 0.7 % for V/Q. Anderson's study also included CT study of the leg veins. If DVT was included in the follow-up analysis, the FN rate for CT remained the same, while V/Q rose to a still statistically insignificant 1 %. One of the most striking features of the study by Anderson et al. was their criteria for a technically adequate diagnostic CTPA. All that required was adequate visualization of the main and lobar pulmonary vessels. It was not necessary to visualize the segmental vessels. Despite this relatively limited vessel opacification, the FN rate was 0.4 %. This constitutes strong support for the concept of overdiagnosis of PE.
Strong epidemiological support for the overdiagnosis of PE is provided by two studies promoted by Montefiore's Chief of Cardiothoracic Radiology, Dr. Linda Haramati. In the first study the hospitalization records of 12 million New York State patients showed that the advent of CTPA in the mid-1990s had the effect of doubling the number of admissions for PE [43] . Despite this fact, the mortality rate remained very low and did not change between the pre-and post-CTPA eras. Another more recent study dealing with dedicated Montefiore patients showed similar results [44] . Therefore, the ability of CTPA to detect twice as many PEs had an insignificant impact on patient's survival. It is, therefore, reasonable to conclude that the anticoagulant treatment received following the enhanced CTPA detection of PE was not needed.
Traditionally, CTPA has been shown to be equivalent to V/Q scanning in three-month outcome studies, but it detects more clinically insignificant pulmonary emboli. Isolated subsegmental pulmonary emboli may account for overdiagnosis, but it must be asked whether the short-term likelihood of recurrent thromboembolism is lower than the risk of adverse events with anticoagulation in patients at high risk of hemorrhage. Donato and colleagues studied three-month Table 1 Three-month follow-up on negative CTPA studies and V/Q studies interpreted as normal, very low or low probability (or PE- clinical outcomes of a cohort of patients diagnosed with isolated subsegmental pulmonary emboli [45] . Review of 10,453 consecutive CTPA radiology reports over a 74-month period since the implementation of multidetector CT pulmonary angiography identified a cohort of 93 patients, from a single institution, found to have acute pulmonary embolism isolated to subsegmental pulmonary arteries without other evidence of DVT. The study measured three-month clinical outcomes (anticoagulation use, recurrence, death, hemorrhage) determined by review of records and telephone interviews with physicians. Seventy-one patients (76 %) were treated with anticoagulation and/or inferior vena cava filter, while 22 (24 %) were observed without therapy. One patient (1/93) who was treated with anticoagulants and a vena cava filter had a recurrent subsegmental pulmonary embolus. No patients died of PE. There were eight hemorrhages; including five (5.3 %) major hemorrhages without any hemorrhage-related mortality. The study also provided substantial evidence that small, subsegmental emboli may not need to be found. At Montefiore, our algorithm with its preferential use of V/Q scintigraphy has been in place since January 2007. We have been able to obtain a minimum follow-up of 3 months on 3,039 V/Q studies and 1799 CTPA exams interpreted as normal, very low or low probability. More recently (see below), we combined these into a ''PE negative'' category using a trinary interpretive scheme.
The positivity of CTPA is approximately 14 % while that of V/Q has varied between 6 and 9 %. These numbers are relatively similar to those reported by Anderson et al. [35] . As in their study, our FN rates for these two techniques have been found to be statistically similar. The follow-up looked at the subsequent development of either DVT or PE. Table 1 presents the results for both DVT and PE, as well as for PE alone.
The increasing awareness of the issue of overdiagnosis and overtreatment has supported the use of the less sensitive V/Q study. The identical follow-up FN rates of CTPA and V/Q support this use of an outcome-based rather than an accuracybased methodology (Table 1) . It has been suggested that anticoagulation can probably be withheld in patients with isolated subsegmental PE who are stable and have adequate cardiopulmonary reserve [46] . An ongoing prospective trial randomizing patients with small PEs between treatment and nontreatment should provide some definitive answers and, hopefully, support for not treating these patients [47] .
The role of single-photon emission computed tomography (SPECT) V/Q SPECT V/Q imaging has become the standard of care in most institutions outside the United States. A full issue of Seminars in Nuclear Medicine, guest edited by Australia's Dale Bailey and Paul Roach, clearly makes the case for the improved accuracy of this methodology [48] . More recently, Marika Bajc and her colleagues wrote a superb editorial in the European Journal of Nuclear Medicine and Molecular Imaging extolling the virtues of SPECT V/Q [49] . There is unanimity amongst these authors and others [50] that the sensitivity of V/Q SPECT is superior to that of planar V/Q. The European Association of Nuclear Medicine's guidelines clearly express their preference for V/Q SPECT based upon its greater sensitivity [51] .
Our preference for planar rather than the more sensitive SPECT V/Q relates again to the overdiagnosis issue. The FN rate of SPECT V/Q is 1.5 % [52] , which is essentially the same as that of planar V/Q or CTPA (Table 1) . Another point favoring planar V/Q in the United States is the unavailability of Technegas Ò (Cylomedia Corp., Sydney Australia), which is universally recognized as the best ventilation agent. Ongoing clinical trials in the US will, hopefully, lead to FDA approval in the not too distant future. The current method used for 99m Tc-DTPA aerosol studies at our Medical Center employs the ''Swirler Ò '' (Amici Corp., Spring City, Pennsylvania) which has provided us with very good ventilation studies. The similarity between FN rates for planar and SPECT V/Q supports the fact that the additional emboli detected on the SPECT study are small peripheral lesions that do not need to be treated as long as there are no associated DVTs or underlying cardiopulmonary problems.
There is another important practical aspect supporting V/Q, this time of a geographical nature. Unfortunately, the constant concerns over medico-legal issues, as mentioned, force physicians in the US to practice defensive medicine. In most instances, any patient with a diagnosis of PE, regardless of size, will be anticoagulated. As previously pointed out, most small PEs do not require treatment. We know this because the FN rate is the same for CTPA, planar and SPECT V/Q. Most other countries do not share this US-based need to treat almost all PEs, regardless of size.
Two years ago, the senior author (LMF) had the opportunity to attend a pulmonary conference in Sydney, Australia, where the case was described of a young woman shown to have a small, peripheral PE on a SPECT V/Q exam. The pulmonologist managing the patient accepted the interpretation, but decided not to anticoagulate the patient since no other associated factors such as DVTs or underlying cardiopulmonary disease was present. Unfortunately, as indicated above, this is not the practice in the US where defensive medicine is practiced. Therefore, the fact that less sensitive planar V/Q does not pick up the very peripheral, clinically insignificant PEs works to our advantage, as well as that of the patient [34, 44] .
Chinese multicenter comparison of CTPA and V/Q
A relatively recent prospective comparison of CTPA and V/Q was performed in China. Of interest is that both CTPA and V/Q were performed in all 544 patients enrolled in the study [53] . Despite including patients with high, intermediate and low Wells scores, the investigators ended up with a high positive yield (59 %) compared with the PE prevalence rates of 33 and 19 % reported, respectively, in PI-OPED I [2] and PIOPED II [6] . The authors attributed this to their medical centers having a high-risk patient population.
Another important factor to be considered in China relates to the fact that patients must initially pay for their diagnostic studies out of their own pocket, and subsequently seek reimbursement from government insurance [personal communication]. As a result, they are more ready to question their doctors who, therefore, must be more judicious in ordering imaging studies. Pre-test probability is an important factor in aiding their decision on whether or not to request a study. This approach is much more restrictive than in the US and is probably an important factor in their high positive rate of 59 % as compared to the 14 % for CTPA and 9 % for V/Q reported by Anderson et al. [35] .
Strong follow-up evidence has thus far supported the practice of considering ''outcomes'' rather than ''accuracy'' in the management of PE. The results of the previously mentioned ongoing randomized multi-institutional study involving the withholding of treatment in patients with subsegmental PE should finally help to resolve the ongoing issue of how to manage small PEs [47] .
The language of lung scan interpretation
The probability interpretations initially proposed by Biello and maintained through the two PIOPED eras have never been fully understood by referring physicians [54] or standardized satisfactorily by physicians interpreting the V/Q study [55] . This holds particularly true for the ''low probability'' interpretation which has varied between Biello's original 10 % likelihood of PE up to 40 %. To address this issue, we implemented a trinary scheme of interpretation in 2009 where normal, very low probability and low probability were combined into a single category called ''no evidence of PE''. This has been received very favorably by our clinicians.
The safety and accuracy of the trinary system was retrospectively evaluated by Glaser et al. [56] . As before, the chest radiograph was utilized to determine the patient's candidacy for V/Q or CTPA. The great majority ([90 %) of patients have a negative or minimally abnormal radiograph and proceed to V/Q, whereas those with infiltrates or pleural effusions are triaged to CTPA provided it is not contraindicated because of renal insufficiency or contrast media allergy. Patients with negative radiographs are considered not to have any significant underlying cardiopulmonary disease. Consistent with the work of Stein and Gottschalk [10, 11] , this allows us to upgrade a welldefined SSM into the high probability category with a PPV of 86 %. Additionally, when associated with a high pre-test likelihood of disease, this value is upgraded to 100 %.
Our retrospective review of the effectiveness of the trinary interpretive scheme included 654 patients in a sixmonth period compared to 778 patients studied in the previous 6 months using the older ''probability'' scheme. The results were statistically similar with a FN rate of 1.14 % (8/701) for the older, probability-based interpretation group and 1.5 % (9/585) for the trinary interpretation group (p = 0.63). Of note was a significant difference in the ''PE present'' group which corresponded to 8.4 % of the sample as compared to 4.9 % in the prior ''high probability'' category. We attributed this to the more aggressive criteria for the new ''PE present'' group, particularly the inclusion of the SSM.
Most importantly, communication with referring physicians, particularly in the Emergency Department, was much clearer and this was appreciated. Additionally, our Radiology and Nuclear Medicine residents interpreting the studies after hours expressed much greater comfort using the trinary system.
Conclusion
The radionuclide lung scan has traveled a long circuitous path since its introduction as a perfusion study in the mid1960s and a combined ventilation-perfusion study (V/Q) in 1969-70.
Its credibility has been questioned several times along the way, particularly after publication of the initially flawed PIOPED I study in 1990. However, many retrospective investigations on this early computer data-based study have given us great insight into how to significantly improve our interpretive skills.
The subsequent introduction of CTPA in the mid-1990s provided radiologists with a new means of investigating PE. Since diagnostic radiologists are inherently more comfortable interpreting anatomic rather than functional images, as a result, CTPA rapidly became the procedure of choice for investigating PE. Subsequent realization of the unacceptably high patient radiation exposure associated with CTPA, particularly to the female breast, has caused considerable concern to all. This, together with the everincreasing realization that we are overdiagnosing and overtreating PE with CTPA as well as with our improved diagnostic skills and the considerably lower radiation dose associated with V/Q, has re-awakened interest in this nuclear medicine procedure.
At the present time, it is clear that the V/Q scan should be the initial investigative tool in patients with a normal or close to normal chest radiograph. Follow-up studies on planar V/Q studies have shown a FN rate comparable to both SPECT V/Q and CTPA with their inherently greater sensitivities. We therefore propose that the eight-view planar V/Q study should be the initial procedure performed in suspected PE. In adopting this approach, a great deal can be accomplished toward avoiding the currently existing practice of overdiagnosis and overtreatment. The results of an ongoing investigation withholding anticoagulant therapy in patients with sub-segmental PE will, hopefully, finally convince clinicians that these small, frequently encountered PEs do not require treatment.
